In vitro protein solubility at pH 3, 6 and 9 in various feedstuffs was determined, by measuring the amount of crude protein (6.25 x N) passing a paper filter after 2 h incubation at 40°C. Also, the enzymatic hydrolysis of the insoluble proteins was determined after incubation (2h, 40°C) with either pepsin, neutrase (protease of Bacillus subtilis) or alcalase (endoproteinase of Bacillus licheniformis), which are proteolytic enzymes with pH optimum of approximately 3, 6 and 9, respectively. The feedstuffs tested showed a great variation in protein solubility and hydrolysis. Pea and bean samples had a high protein solubility at pH 9 (78 to 85%), which was decisively lower at pH 3 (0 to 28%). On the contrary, for other feedstuffs, such as maize by-products and meat-and-bone meal, the differences in protein solubility at different pH was less pronounced. The enzymatic hydrolysis of pea and bean proteins with alcalase at pH 9 ranged between 0 and 15%, while in most other feedstuffs these values were considerably higher. Neutrase activity (pH 6) was poor in all feedstuffs with the exception of the wheat products. It was concluded that the origin of the proteins had great influence on the variation in protein solubility at different pH and hydrolysis with enzymes with different pH-optimum.
INTRODUCTION
Accurate and rapid estimates of protein quality in pigs are essential for practical diet formulation by feed manufacturers and can be obtained by measuring protein solubility and enzymatic degradability with in vitro methods, which simulate gastro-intestinal processes of proteolysis. Dietary proteins are gradually solubilized and hydrolyset in different sections of the gastrointestinal tract of monogastric animals. The rate of proteolysis is closely interrelated with pH, which is lower in the stomach (1 to 4.5) and higher in the small intestine (4 to 7.4) (Chesson, 1987) . In the stomach, proteins are hydrolysed by pepsin and in the small intestine by pancreatic and intestinal enzymes, each with its own properties, pH optimum and affinity for food proteins (Longland, 1991) .
Proteins which solubilize at o low pH become already available for digestion in the stomach whereas proteins which solubilize at a high pH pass the stomach and become at first available for digestion during passage through the small intestine, depending on passage rate and pattern of gastric emptying (Usry et al., 1991) . In vitro simulation of the sequence of protein digestion by pigs is usually done with a two step enzymatic method using pH-values of approximately 1 and 7 (Babinszky et al., 1990; Eggum and Boisen, 1991) .
In this in vitro study, the solubility of proteins of various feedstuffs in a buffering solution at different pH-values (3, 6 and 9) and their hydrolysis in vitro by different enzymes were investigated in order to determine differences in protein properties in different feed samples. The solubility of most globular proteins is profoundly influenced by the pH of the system. Proteins are least soluble at the isoelectric pH and solubility rises sharply on either side of this pH. For that reason the different pH-values were chosen, although pH 9 is not a physiological one. Also the capability of enzymes to attack proteins is a measure for the protein quality in the different feedstuffs.
MATERIAL AND METHODS
One gram-samples of each feed, dried and ground to pass through an 1 mm screen, were incubated at 40°C in 25.0 ml of buffer solutions with pH values equal to 3, 6 and 9. After 2 h the mixture was filtered through 2 layers of N-free filter paper (nr 2095, Schleicher & Schull, Dassel, Germany) and washed out with the same buffer. The amount of total nitrogen in the feedstuffs and in the incubated residue on the filter paper was determined by the Kjeldahl method according to ISO 5983. The amount of N on the filter paper was accounted as insoluble N. The buffer solutions were either a 0.1 M citric acid-phosphate buffer (pH 3 and 6) or a 0.1 M borate, KCl/NaOH buffer (pH 9). Similar incubations were done with addition of 2.0 g of pepsin (Merck, nr 7190, Darmstadt, Germany) per litre of the buffer at pH 3, 2.0 ml of neutrase (protease of Bacillus subtilis, NOVO 0.5 L, Novo-Nordisk, Bagsvaerd, Denmark) per litre of the buffer at pH 6 or 1.0 ml of alcalase (endoproteinase of Bacillus licheniformis, NOVO 2.4 L, Novo-Nordisk, Bagsvaerd, Denmark) per litre of the buffer at pH 9. The difference in N content in the residue on the filter paper after incubation with the given buffer alone and RESULTS AND DISCUSSION Table 1 shows the protein content (N x 6.25) of the feedstuffs, expressed in g kg-1 dry matter. Also the percentage of protein solubilized after 2 h of incubation in the buffer is shown and the percentage of protein hydrolysed by the enzymes at different pH. This percentage was calculated relative to the amount of protein not solubilized by the buffer.
There was considerable variation in protein solubility between the different feedstuffs as measured at pH 3, 6 and 9. For most of the feedstuffs, the solubility was highest at pH 9 and lowest at pH 3. The dependency of protein solubility on pH was most remarkable for pea and bean. With these products, about 80% of the proteins were solubilized at pH 9 and less than 30% at pH 3. With bean (cv mythos) no protein was solubilized at pH 3. This means, that when beans and peas are in the diet, the majority of their proteins is not solubilized by the gastric juices containing pepsin. By moving towards the small intestine, pH rises and more proteins are expected to be solubilized. For maize by-products and for meat and bone meal, the differences in protein solubility at different pH-values were less pronounced. The results indicate that the biological origin of the feedstuff caused variation in protein solubility and hydrolysis at different pH.
The various by-products from maize did not differ in protein solubility in relation to the pH of the buffer with the exception of corn meal and hominy feed which had a higher solubility at pH 9 than at pH 6. All the various wheat by-products followed the same pattern (Table 1) with the highest solubility at pH 9 and the lowest at pH 3 suggesting that the differences in protein solubility at different pH were not affected by the methods of their processing in the milling industry.
Although two of the enzymes used are of bacterial origin and one of them has its highest activity at a not physiological pH (9.0) differences in enzymatic hydrolysis of protein in the different feedstuffs gives an indication of the differences in protein properties in the different feedstuffs and alterations in protein properties by technological processing of the feedstuffs. The three enzymes were used in excess to not induce differences in hydrolysation by differences in protein content of the feedstuffs.
The three different enzymes showed great differences in protein hydrolysis. Neutrase had a weak affinity for protein in most of the feedstuffs. However, neutrase hydrolysed 25-55% of the not solubilized proteins in wheat by-products. In the case of wheat bran, batch B, even more proteins were hydrolysed by neutrase than by pepsin or alcalase.
With alcalase no or minor amounts of protein in bean and pea were hydrolysed. This means that in the buffer with added alcalase as much protein was solubizlied as in the buffer alone. Because most of the bean and pea proteins were already solubilized in the buffer, it can not be stated that alcalase is not capable of hydrolysing the proteins. Probably bean and pea contain a protein fraction which can neither be solubilized by the buffer, nor hydrolysed by alcalase. This fraction may be enclosed in cell wall structures and may only be solubilized and hydrolysed after degradation of the cell wall structure.
The remarkable lack of fluctuation in the degree of protein hydrolysis in the different pea and bean cultivars under the conditions used suggests that the degree of enzymatic hydrolysis is determined by the origin of the feedstuffs. The same was seen for different batches of soya bean meal (solvent extracted), sunflower meal (solvent extracted) and meat-and-bone meal. There were differences between the wheat and maize by-products in the absolute amount of solubilized and hydrolysed protein (Table 1) . These may be due to differences in processing in the milling industry, washing out different pools of protein, each with its own properties.
In general the results show that the pH-value in in vitro systems is very important for the degree of protein solubility of feedstuffs and also for the sequence of solubilization of protein during passage through the gastrointestinal tract with a gradually incereasing pH from the stomach to the colon. However, this means, that when the in vivo ileal or faecal digestibility of protein is predicted by in vitro methods (Eggum and Boisen, 1991 ) the pH of the in vitro system should not beyond the pH actually present in the animal. Presently available in vitro techniques (Babinszky et al., 1990; Hsu et al., 1977; Parsons, 1991) use pepsin-HCl with a pH of 1 to 2.2 to simulate the gastric proteolysis. However, the actual pH in the stomach may be considerably higher, depending on the feeding level, daily ration and physiological status of the animal. Moreover, the pH optima of pepsin is between 2 and 3.5 (Longland, 1991) . Further research is needed to study the influence of pH between 1.0 and 3.0 on protein solubility and hydrolysis by pepsin and comparison with in vitro data.
To simulate acidity in the small intestine in vitro pH-values of 6.5 to 8 are used (Eggum and Boisen, 1991) , whereas the actual in vivo acidity may vary even more. The results show that the pH in an in vitro system determines the degree of protein solubility. Further research is needed to evaluate the influence of pH used in in vitro system and make the comparison with in vivo data obtained under different physiological conditions of the animals in order to predict more accurately the feeding value of feedstuffs.
